Abstract
Introduction
Glaucoma is one of the leading causes of blindness worldwide. According to The World Health Organization glaucoma accounted for 2% of visual impairment and 8% of global blindness in 2010, and the number of glaucoma patients is estimated to increase due to an aging population [1] [2] [3] . Generally, glaucoma refers to a group of eye conditions, which cause progressive damage to the optic nerve. If untreated, glaucoma will lead to permanent vision loss starting with unnoticeable blind spots at the edges of the field of vision, progressing to tunnel vision, and in worst case lead to blindness. The classification of glaucoma relies on the appearance and obstruction of the drainage pathway. In open angle glaucoma (OAG) the drainage pathway appears normal and in angle-closure glaucoma (ACG) the drainage pathway is obstructed. The pathogenesis of glaucoma is multifactorial. However, the intra ocular pressure (IOP) is the most evident risk factor for glaucomatous damage and to date IOP lowering drugs remain the only clinically validated treatment of glaucoma [4, 5] . Historically, the first person to link IOP to the glaucoma was the English ophthalmologist, Richard Bannister, who described the phenomenon in 1622 [6] . In1862 it was recognized that the extract from the calabar bean could counteract mydriasis, and in 1876 pilocarpin was introduced. The development of pressure lowering drugs accelerated in 1978 with the approval of Timolol [6] . In addition to glaucoma medication, glaucoma surgery has been performed since 1856 when Albrecht von Graefe introduced iridectomy. Hundred years later the most common glaucoma surgical procedure, trabeculectomy, was developed [7, 8] . In spite of the development of more surgical procedures the far most predominant treatment of glaucoma is pressure lowering eye drops.
The prevalence of glaucoma has been reported in numerous studies and significant ethnic and geographic differences have been found. In spite of the unique possibility to estimate the prevalence of glaucoma in the entire population in Denmark only a few epidemiologic studies have been performed. To our knowledge the first study to estimate the number of glaucoma patients in Denmark was performed in 1989. This study was based on a national consumption of anti-glaucomatous drugs and revealed a prevalence of 0.76% in the age group above 40 years [9] . A follow up of this study was performed in 2000 based on a questionnaire survey among private practice ophthalmologists in Denmark. In this study the prevalence in Denmark was estimated to 0.65% in the entire population [10] . A recent study focused on the annual costs of glaucoma in Denmark and revealed an incidence rate of 1.2 per 1000 adults in the period from 2002 to 2007 [11] . To our knowledge no previous study has benefited from a complete data sample from an entire population to estimate the incidence and prevalence of glaucoma.
Hence, the purpose of the study was to describe the incidence and prevalence of glaucoma in the Danish population throughout a fifteen-year period. Furthermore, we wanted to investigate the geographic variation of glaucoma in Denmark and characterize the utilization pattern of glaucoma medication in the aforementioned period.
Methods Population
The study population comprised all individuals living in Denmark in the period from 1996 to 2011. The government financed healthcare system requests all pharmacies in Denmark to register all prescriptions at an individual level by the so-called CPR-number. Likewise, the Danish National Registry of Patients has collected discharge diagnoses from public and private hospitals in Denmark since 1977. From 1995 the registry has used diagnoses as coded in the ICD-10.
Information on glaucoma medication was obtained from the Danish Registry of Medicinal Product Statistics. Following prescriptions were regarded as glaucoma medication (ATCcodes: S01ED01-05 = β-blockers; S01EE = prostaglandin analogs; S01EA = α2-adrenergic agonists, S01EB = parasympathomimetic drugs, S01EC = carbon anhydrase inhibitors; S01EA51, S01EB51, S01ED51 = fixed combination drugs).
Glaucoma was defined as a disorder treated as glaucoma. Patients were classified as "incident" by the time of their first prescription of glaucoma medication. Patients were categorized according to their number of treatment changes. A treatment change was defined as the start of a glaucoma treatment with more than 180-day time-wise gap between two purchases of glaucoma medicine.
Statistics
Incidence rates were calculated in ten-year age strata. As previously mentioned, patients were classified as "incident" by the time of their first prescription of glaucoma medication. Incidence rate was defined as: new glaucoma cases, in each age strata, divided by the size of the Danish population (age strata). Prevalence was defined as: patients living with glaucoma, i.e., being treated with glaucoma medication, in each age strata, divided by the size of the Danish population, in each age strata.
The statistical analysis made use of the Poisson distribution and Two-proportion z-test. All statistics were performed in SAS 9.2. P-values below 0.05 (two-sided) were considered significant. GIS Maps were performed in Arc Map 10.1.
Ethics
The Danish Data Protection Agency approved the study (2007-58-0015, int. ref: GEH-2010-001). Retrospective register-based studies do not require ethical approval in Denmark.
Results
A total of 116,592 incident glaucoma patients were identified in the period from 1996 to 2011, and 55% of the patients were females. The average age at onset was 66 (range: 0-105) years. Mean age for females was 68 years compared to 64 years for males. Baseline characteristics are shown in Table 1 .
The majority of the cases (93.9%) were born in Denmark. The rest of the studied population was either from other Scandinavian countries (1.0%) or from countries outside of Scandinavia (5.0%). Data on nationality were missing in 0.1% of the cases.
Incidence
The numeric incidence increased from 7200 to 8600 new glaucoma patients annually (p < 0.0001) in the period from 1996 to 2011. The increase was attributed to an aging population ( Fig 1C, Table 1 ). Thus, the age specific incidence rate of glaucoma did not change during the study period ( Fig 1D) .
Prevalence
A significant increase in the prevalence was seen in the period from 1996 to 2011. In 1996, the prevalence of glaucoma was 0.79% compared to 1.72% in 2011 (p < 0.0001). The prevalence was higher in females in the entire period (Table 1 and Table 2 ). However, the gender differences diminished during the period under investigation from a female to male ratio of 1.4 in 1996 to 1.2 in 2011 (Table 1) . Glaucoma was more common in the elderly and affected approximately 10% of the population in the age group above 80 years, and as much as 15% in the population above 90 years (Fig 1, Table 2 ).
Geographic differences
The prevalence of glaucoma differed in the five regions of Denmark with a significantly higher number of cases in the capital region of Denmark. In this region the prevalence was 6.28% (95CI 6.21-6.36) compared to a prevalence of 3.96% (95CI 3.86-4.06) in the Northern part of Denmark (Fig 2, Table 3 ). Interestingly, these differences were unrelated to the geographical age-distributions (Table 2) . 
Treatment pattern
The "First drug of choice" changed from β-blockers in 1996 to prostaglandin analogs in 2011 (Fig 3, Table 4 ). In 2011 47% used prostaglandin analogs as mono therapy, whereas only 13% were treated with β-blockers. Over all, prostaglandin analogs and fixed combination drugs increased between 1996 and 2011 (p < 0.001), β-blockers, carbonic anhydrase inhibitors and parasympathomimetic drugs decreased (p < 0.001), whereas the use of α2-adrenergic agonists were stable (Fig 3, Table 4 ).
The pattern of combined medication in the period from 1996 to 2011
During the study period 23% of glaucoma patients were treated with two or more glaucoma medications. The second choice glaucoma medication was often fixed combination drugs.
Patients treated with two separate medications decreased from 20% to 9% throughout the investigated period (p < 0.001). Moreover, patients treated with more than two glaucoma drugs decreased from 15% to 0.4% (p < 0.001) (Table 4) . Overall, the pattern of glaucoma treatment revealed a preference of prostaglandin analogs as "first drug of choice" and a switch to a combination drug as second choice (Table 4) . 
Discussion
The present study demonstrated an increasing number of people with glaucoma in the Danish population in the period from 1996 to 2011. We found a total prevalence of glaucoma of 1.72% and a prevalence of 3.76% in the population above 50 years. In comparison, previous estimations of the prevalence of glaucoma in Denmark have been significantly lower [9, 10] . Until 1996 official medical statistics were published in Denmark. In these reports the wholesale of registered pharmaceutical agents were given as "Defined Daily Dosages" per 1000 inhabitants/year. Based on these numbers the total prevalence of glaucoma patients in Denmark was estimated to 0.33% in 1989 [9] . A later study estimated the Danish prevalence of glaucoma based on questionnaires carried out among Danish Eye Practitioners [10] . Lundberg et al. reported an overall prevalence on 0.65% well knowing that their study underestimated the true prevalence. A clear correlation between glaucoma and age was shown. In this matter the prevalence was shown to increase from 0.5% to 5% in the population at 50 and 80 years, respectively [10] .
A recent meta-analysis estimated the prevalence of glaucoma worldwide and revealed a global prevalence of glaucoma of 3.54% in the population between 40 and 80 years [12] . The prevalence in Europe was shown to be 2.51 [12] .
In the present study the estimation of glaucoma cases in Denmark was based on numbers from the Danish Registry of Medicinal Product Statistics, which allows a more accurate estimation of persons that use glaucoma medication.
Obviously, estimates of a prevalence based on consumption of glaucoma medication are still associated with considerable inaccuracy. Hence, it is generally accepted that a great number of glaucoma cases remain undiagnosed. Unrecognized glaucoma subjects are either a result of ophthalmologists missing the diagnosis or patients not presenting to their ophthalmologist. Several studies have indicated that around 50% of OAG cases are unrecognized [13] [14] [15] [16] .
On the other hand over prescription may also bias our results. In this matter it is not uncommon to find prescriptions for glaucoma drugs in patients with no disc and visual field changes. In addition, treatment with glaucoma medication is often seen in patients with a history of the highest IOP of less than 25 mmHg. In these scenarios the ophthalmologists The map illustrates the differences in the prevalence of glaucoma cases in the age group from 50 to 60 years. The highest prevalence of glaucoma is found in the capital region of Denmark with a prevalence of 6.28%, which was significantly higher compared to the other regions (Table 3) overestimate the benefit of therapy, while underestimating the associated risk of treatment [17] . Bearing in mind the aforementioned limitations, we however believe that the cases extracted from National Prescription Registry lead to a reliable estimate of the prevalence of glaucoma in Denmark.
Previous studies have shown an increased prevalence of glaucoma in urban areas compared to rural areas [12] . In the present study the demographic variation of glaucoma cases was estimated in the five existing regions of Denmark. We found a significant higher prevalence of glaucoma in the capital region of Denmark compared to other regions (Fig 2, Table 3 ). In support of this regional difference in Denmark, it has previously been shown that the highest number of glaucoma prevalence was found in Copenhagen followed by the second largest city in Denmark, Aarhus [9] . Since the higher prevalence of glaucoma was not corresponding to a higher number of elderly (Table 2) , the significant regional differences observed in this study, may reflect a more readily available healthcare in urban areas. In addition, the population in rural areas of Denmark may have a tendency to neglect their eye problems, which consequently leads to an increased number of unrecognized glaucoma cases. Due to reimbursement from the national healthcare system, all Danish pharmacies have been obligated to register all prescriptions dispensed to the Danish Registry of Medicinal Product Statistics since 1996. In this way an ensured and complete registration, without selection bias, allows a detailed analysis of distributed glaucoma medication. In comparison, the use of data based on ICD-10 coding in the National Registry of Patients will underestimate the number of glaucoma cases due to errors or lack of registration by general ophthalmologists. In the same matter, surgical procedures and laser treatments for glaucoma will be under-estimated if using ICD-10 coding. Therefore, an estimation of such procedures will require questionnaire studies and is beyond the scope of the present study.
Here we investigated the pattern of glaucoma medication in the period from 1996 to 2011 (Fig 3, Table 4 ). Among the 116,552 identified glaucoma cases the most used mono therapy changed from β-blockers to prostaglandin analogs in the study period. The change can be explained by the introduction of prostaglandin analogs in 1996 as well as a higher pressurelowering efficacy of prostaglandin analogs compared to β-blockers [18] . A decrease in the use of carbon anhydrase inhibitors and parasympathomimetic drugs was found throughout the studied period, whereas the use of α2-adrenergic agonists remained consistent. Over all, the use of several simultaneous glaucoma medications decreased throughout the study period (Table 4) . Increased awareness of adherence challenges might explain this decrease. Furthermore, the continuous introduction of combined medications and the introduction of selective laser treatment and new surgical procedures may also explain the reduced number of patients receiving multiple glaucoma medications (Table 4 ). In support of this assumption, the prescription of combination drugs increased significantly throughout the study period (Fig 3,  Table 4 ). In comparison to the Danish prescription patterns, recent studies investigated the use of glaucoma medication in the American and the British population, respectively [19, 20] . A similar treatment pattern was found. Both studies found an increased use of prostaglandin analogs along with a decreased use of β-blockers. The only significant difference from the current study was an increased use of α2-adrenergic agonists among the American population [19] . The lack of increase in α2-adrenergic agonist treatment in Denmark may be due to the unavailability of the α2-adrenergic agonist suspension, Alphagan P, which has been shown to cause significantly fewer cases of allergy compared to the European suspension [19, 21] .
Conclusion
To our knowledge the present study is the largest nationwide study ever made and must be a close-to-real-life-picture of the utilization of glaucoma medication on a nationwide scale. The age specific incidence rate of glaucoma cases was shown to be constant, and the increased prevalence correlates with an aging population. Compared to previous studies the present study reveals a higher incidence and prevalence than previously estimated. Hence, as many as 3.76% of citizens above 50 years suffer from glaucoma, and as many as 10% of citizens above 80 years are treated with glaucoma medication. Increasing evidence implies that systemic diseases might be associated with glaucoma. Based on the strength of the complete data sample from an entire population future studies will investigate possible comorbidities with glaucoma, and hopefully contribute to a better understanding of the management of glaucoma.
